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rized	 into	 four	 family	 groups	 based	 on	 geographic	 location,	 and	 two	
production	systems	across	 three	agro-	ecological	zones	 (FARM-	Africa,	
1996).	From	the	analysis	of	microsatellite	markers,	Tesfaye	(2004)	re-
grouped	 the	13	populations	 into	 eight	 types	 but	with	 low	bootstrap	
support	 (<50%).	 In	 line	with	the	 low	bootstrap	support,	STRUCTURE	





Globally,	 at	 least	 six	mtDNA	d-	loop	 haplogroups	 (A,	 B	 (B1,	 B2),	
C,	D,	F,	and	G)	with	a	weak	phylogeographic	structure	have	been	re-
ported	 in	 domestic	 goats	 (Luikart	 et	al.,	 2001;	 Naderi	 et	al.,	 2007).	














All	 the	 six	 haplogroups	 occur	 in	 the	wild	 ancestor,	Capra aega-
grus,	suggesting	that	domestication	happened	across	southwest	Asia	
(Naderi	et	al.,	2007,	2008).	Archeological	findings	show	that	goat	do-
mestication	 occurred	 around	 10,500	years	 ago	 between	 the	 Zagros	






various	 domestic	 plant	 and	 animal	 species	 into	 and	 out	 of	 the	 con-
tinent	 (Gifford-	Gonzalez	&	Hanotte,	 2011;	Oliver,	 1983).	 In	 spite	 of	
this,	majority	of	the	studies	performed	so	far	on	indigenous	goats,	have	
lacked	 samples	 from	 the	 region.	On	 the	other	 hand,	various	 studies	
have	 shown	 that	 socio-	anthropological	 (human	movements,	 cultural	
exchanges,	war,	etc.)	and	natural	 (droughts,	 floods,	etc.)	events	have	
contributed	 to	 the	 geographic	 dispersion	 and	 intermixing	 of	 differ-
ent	livestock	species	(Girma,	1988;	Yilma,	1967)	and	they	might	have	




2  | MATERIALS AND METHODS






2.2 | PCR amplification and sequencing
The	 entire	 mtDNA	 d-	loop	 region	 (1,061	bp)	 was	 amplified	 using	
nested	PCR	(Table	S1).	The	PCR	reactions	were	carried	out	 in	20-	μl 
reaction	volumes	made	up	of	the	AccuPower®	PCR	Premix	(Bioneer-	
Daejeon,	 Korea),	 0.2	μM	 of	 each	 primer,	 1.5%	 Hi-	Di™	 formamide	





and	a	 second	stage	 that	 involved	 the	same	profile	but	30	cycles	of	
amplification	and	an	annealing	temperature	of	53°C,	was	performed.	
A	final	extension	step	at	72°C	for	7	min	completed	the	PCR.	The	PCR	




Prism	 3130XL	 automatic	 capillary	 sequencer	 (Applied	 Biosystems,	
USA)	following	the	manufacturers	protocols.
resulting	 in	 a	 large	 caprine	 genetic	 diversity	 that	 can	 be	 exploited	 for	 genetic	
improvement.
K E Y W O R D S
Bayesian	skyline	plot,	genetic	diversity,	haplogroups,	haplotypes,	population	expansion
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2.3 | Data analysis
For	all	 the	analyses	undertaken	here,	the	default	values	and	param-
eters	 inherent	 in	 the	algorithms	and	software’s	were	used	and	only	
deviations	 from	 the	default	 are	mentioned.	Prior	 to	analysis,	 all	 the	
chromatograms	were	visualized	with	the	CLC	Workbench	7.0.4	(CLC	




were	 scored	 against	 the	C. hircus	 reference	 sequence	 (Genbank	 ac-
cession	number	GU223571).	We	generated	309	sequences	and	de-
termined	the	haplotypes	with	DnaSP	v5	(Librado	&	Rozas,	2009).	The	
level	of	 genetic	diversity,	 determined	as	 the	number	of	haplotypes,	
haplotype	diversity,	nucleotide	diversity,	and	mean	number	of	nucleo-














the	 global	 caprine	diversity,	 229	 sequences	of	 domestic	 goats	 from	
20	countries	and	representing	the	six	globally	defined	mtDNA	d-	loop	
haplogroups	(Naderi	et	al.,	2007,	2008)	and	four	haplotypes	of	C. ae-










To	 partition	 genetic	 variation	 among	 populations	 and	 groups	 of	





groupings	 revealed	by	 the	NJ	 tree	and	MJ	network.	Phi	 (ϕ)	 statistics	
representing	haplotype	correlations	at	various	hierarchical	 levels	 (ϕCT,	













The	 demographic	 dynamics	 and	 history	 of	 Ethiopian	 goat	 pop-



























ranged	between	12	 (in	Agew)	 and	30	 (in	Afar).	 The	 lowest	 level	 of	
haplotype	diversity	(0.9500	±	0.037)	was	observed	in	Keffa	while	the	
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clusters;	two	were	specific	to	Ethiopian	indigenous	goats	and	the	third	
one	 clustered	 together	 the	 haplotypes	 representing	 haplogroups	B,	
C,	D,	F,	and	wild	capras	(Figure	1).	To	obtain	further	insights	into	the	
phylogenetic	relationships	and	put	the	Ethiopian	goats	in	the	context	
of	 caprine	 global	 diversity,	we	 included	 in	 the	 dataset	 used	 for	NJ	
analysis,	sequences	from	Egyptian,	Saudi	Arabia,	 Iran,	Iraq,	Pakistan,	
and	Nigeria	goats	and	generated	the	MJ	network.	As	expected,	 the	
analysis	 also	 revealed	 two	 clusters	 in	 Ethiopian	 goats	 which	 were	
separated	by	10	mutations	 (Figure	2).	Both	 the	NJ	 tree	and	 the	MJ	
network	revealed	the	two	clusters	in	Ethiopian	goats	were	part	of	the	
globally	 observed	haplogroups	A	 and	G	 (Figure	2).	Haplogroup	A	 is	






AMOVA	 analysis	 incorporating	 the	 13	 populations	 assuming	 no	 hi-
erarchical	clusters,	as	well	as,	the	three	groups	proposed	by	FARM-	
Africa	(1996)	showed	that	97%	of	the	total	genetic	variation	present	
in	 Ethiopian	 indigenous	 goats	 occurred	within	 individuals,	 less	 than	
2%	of	 the	 variation	was	due	 to	 genetic	 differences	between	popu-






3.4 | Population and historical demographic 
dynamics
We	assessed	mismatch	distribution	patterns,	for	each	population	and	










the	 two	haplogroups,	 respectively	 (Figure	3	 and	Table	3).	 These	 re-
sults	were	supported	by	Tajima’s	D	and	Fu’s	FS	statistics;	both	were	








Population N S H Hd ± SD π ± SD K
No. of haplotypes (%)
Haplogroup A Haplogroup G
Short-	eared	Somali 17 66 17 1.0000	±	0.020 0.0158	±	0.002 16.692 14	(82.35) 3	(17.65)
Long-	eared	Somali 19 65 17 0.9883	±	0.021 0.0159	±	0.002 16.866 14	(82.35) 3	(17.65)
Nubian 37 88 25 0.9728	±	0.013 0.0155	±	0.001 16.378 21	(84.00) 4	(16.00)
Hararghe	Highland 22 65 22 1.0000	±	0.014 0.0165	±	0.002 17.446 21	(71.43) 6	(28.57)
Abergelle 35 78 29 0.9882	±	0.010 0.0180	±	0.001 19.005 21	(72.41) 8	(27.59)
Arsi-	Bale 20 69 18 0.9895	±	0.019 0.0131	±	0.002 13.848 16	(88.89) 2	(11.11)
Ambo 16 68 13 0.9667	±	0.036 0.0170	±	0.003 17.992 13	(84.62) 2	(15.28)
Afar 33 80 30 0.9943	±	0.009 0.0143	±	0.002 15.125 24	(80.00) 6	(20.00)
Agew 15 56 12 0.9714	±	0.033 0.0144	±	0.002 15.181 11	(91.67) 1	(8.33)
Gumez 25 66 19 0.9667	±	0.024 0.0163	±	0.002 17.220 14	(77.78) 4	(22.22)
Gondar 27 70 24 0.9886	±	0.015 0.0176	±	0.001 18.621 15	(65.22) 8	(34.78)
Keffa 25 62 20 0.9500	±	0.037 0.0093	±	0.002 9.853 19	(90.48) 2	(9.52)
Woyto-	Guji 18 63 18 1.0000	±	0.019 0.0164	±	0.002 17.353 14	(77.78) 4	(22.22)
Overall 309 174 231 0.9967	±	0.001 0.0158	±	0.001 17.427 – –
Haplogroup	A 248 154 185 0.9957	±	0.025 0.0098	±	0.001 10.344 – –
Haplogroup	G 61 69 46 0.9831	±	0.018 0.0057	±	0.002 6.006 – –
N,	sample	size;	S,	number	of	polymorphic	sites;	H,	number	of	haplotypes;	Hd,	haplotype	diversity;	π,	nucleotide	diversity;	K,	average	number	of	nucleotide	
differences;	SD,	standard	deviation.
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To	 obtain	 a	 better	 resolution	 of	 the	 demographic	 history	 and	
profile	 of	 Ethiopian	 goats,	 we	 modeled	 changes	 in	 maternal	 effec-











populations	 of	 Ethiopian	 indigenous	 goats	 to	 assess	 their	 maternal	
origin,	 genetic	 differentiation,	 and	 demographic	 historical	 profiles.	
The	results	revealed	231	haplotypes	from	the	analysis	of	309	mtDNA	
d-	loop	 sequences	 which	 gave	 an	 average	 haplotype	 diversity	 of	
0.997	±	0.001	 (range	0.950	±	0.037	 to	1.000	±	0.020).	This	 average	
value	is	similar	to	that	of	Iberian	(0.996)	and	European	(0.994)	goats	
but	 its	higher	than	that	of	Sicilian	 (0.806–0.969),	South	and	Central	
American	 (0.963),	 Atlantic	 (0.965;	 Amills	 et	al.,	 2008),	 and	 Kenyan	
goats	 (0.981	±	0.006;	Kibegwa	et	al.,	2015).	These	results	suggest	a	
high	level	of	maternal	genetic	variation	in	Ethiopian	indigenous	goats	








To	 portray	 the	 genetic	 relationships	 among	 Ethiopian	 goats,	we	
used	the	231	haplotypes	to	construct	a	NJ	tree	(Figure	1)	and	MJ	net-
work	 (Figure	2).	The	clustering	pattern	 revealed	 two	well-	supported	
haplogroups	 with	 no	 phylogeographic	 structure.	 The	 incorporation	






two	 haplogroups	 could	 have	 been	 introduced	 from	 different	 geo-





&	 Tsuji,	 2003).	 This	 large	 number	 of	 median	 vectors	 may	 likely	 be	
an	 inherent	 feature	 of	 the	 Ethiopian	 indigenous	 goats	 because	 we	
TABLE  2 Results	of	AMOVA	based	on	the	analysis	of	the	HV-I	region	of	the	mtDNA	d-	loop	in	13	Ethiopian	goat	populations
Grouping Source of variation Degrees of freedom Variance components
Percentage of 
variation
All	populations Among	groups 12 0.220 2.63
Within	individuals 294 8.166 97.37
Total 306 8.386
Agro-	ecology Among	groups 2 0.061 0.73
Among	populations	within	groups 10 0.177 2.11
Within	individuals 294 8.166 97.16
Total 306
Production	system Among	groups 1 0.027 0.33
Among	populations	within	groups 11 0.208 2.48
Within	individuals 294 8.166 97.19
Total 306 8.402




Within	individuals 294 8.171 97.29
Total 306 8.398
Based	on	haplogroups Among	haplogroups 1 4.881 40.89
Within	haplogroups 305 7.055 59.11
Total 306 11.936
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observed	a	large	number	of	nodes	(n	=	192)	and	edges	(n	=	335)	that	
represent	 subpopulations	 and	 population	 subdivisions,	 respectively	
(Huson	&	Bryant,	2006)	 in	 a	phylogenetic	 tree	 that	we	constructed	
for	the	13	populations	using	autosomal	SNP	markers	(Mekuriaw	GM,	
Liu	B,	Osama	S,	Zhang	W,	Tesfaye	K,	Dessie	T,	Mwai	AM,	Djikeng	A,	
Mwacharo	 JM	 “unpublished	 data”).	 These	 results	 demonstrate	 not	
only	 the	 presence	 of	 high	 genetic	 variation	 in	 Ethiopian	 indigenous	
goats	but	also	a	 likely	complex	maternal	genetic	history.	The	 lack	of	
phylogeographic	 structure	 appears	 to	 be	 a	 common	 feature	 of	 do-
mestic	 goats;	 it	 has	 been	 observed	 in	 a	worldwide	 dataset	 (Luikart	




their	 inherent	 ability	 to	 adapt	 to	 a	 diverse	 range	of	 production	 and	
ecological	environments,	relative	to	for	instance	cattle,	has	been	used	





Haplogroup	G	has	 been	observed	 in	Turkey,	 Iran,	 Saudi	Arabia,	 and	
Egypt	and	Naderi	et	al.	 (2007)	suggested	that	 it	originates	from	Iran	
(Northern	 and	 Central	 Zagros).	 Both	 haplogroups	 (A	 and	 G)	 have	
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BC	in	North	Africa,	that	 is,	Egypt,	Libya,	and	Algeria	 (Hassan,	2000),	
it	 is	 likely	that	the	two	haplogroups	arrived	at	their	earliest	 in	Egypt	
following	terrestrial	routes	crisscrossing	the	Sinai	Peninsula,	Red	Sea	
Hills,	 and	Mediterranean	 Sea	 Coast	 (Hassan,	 2000).	 Following	 their	







S4),	 suggest	 that	 the	 southward	movement	 of	 goats	 along	 the	Nile	
valley,	as	well	as,	the	movement	of	goats	across	the	Red	Sea	from	the	
Arabian	 Peninsula	 could	 have	 introduced	 haplogroup	A	 to	 Ethiopia.	







reported	 (see	 review	 by	 Boivin	 &	 Fuller,	 2009).	 Similarly,	 Ethiopian	
goats	 share	 four	 haplotypes	 (two	 each	 of	 haplogroup	A	 (H164	 and	
H166)	 and	G	 (H13	 and	H125))	with	Kenyan	 goats	 suggesting	most	
likely	common	maternal	origins	and	dispersion	patterns	of	goats	found	
in	the	wider	Horn	of	Africa	region.
We	 observed	 a	 bimodal	 pattern	 of	 distribution	 of	mismatches	 in	
each,	and	across	the	13	populations,	of	Ethiopian	indigenous	goats.	This	
result	appears	to	suggest	the	likely	expansion	of	the	two	haplogroups	











(2013)	and	Colli	et	al.	 (2015).	Their	 introduction	alone	 into	Ethiopia	 is	
therefore	not	 sufficient	 to	explain	 the	bimodal	patterns.	To	our	opin-
ion,	 an	 alternative	 interpretation	would	 be	 that	 the	 bimodal	 patterns	







to	 the	 geographic	 	inter-mixing	 of	 the	 two	 haplogroups.	 Indeed,	 mo-
lecular	genetic	evidence	has	revealed	the	absence	of	phylogeographic	








Population/haplogroup N S SSD (p-value)






Short-	eared	Somali 17 66 0.02	(.14) 0.01	(.74) −0.61	(.28) −6.31	(.01)
Long-	eared	Somali 19 67 0.02	(.12) 0.01	(.74) −0.67	(.27) −3.8	(.07)
Hararghe	Highland 22 65 0.03	(.12) 0.02	(.11) −0.09	(.56) −9.77	(.00)
Nubian 37 88 0.01	(.08) 0.01	(.23) −0.82	(.22) −3.95	(.11)
Abergelle 35 78 0.02	(.04) 0.01	(.64) 0.01	(.60) −12.32	(.00)
Arsi-	Bale 19 69 0.01	(.53) 0.01	(.82) −1.16	(.12) −6.22	(.01)
Ambo 16 68 0.03	(.09) 0.02	(.51) −0.52	(.32) −0.73	(.31)
Afar 33 80 0.02	(.22) 0.01	(.86) −0.87	(.20) −15.69	(.00)
Agew 15 56 0.03	(.13) 0.06	(.04) −0.51	(.2) −1.86	(.15)
Gumez 25 66 0.02	(.28) 0.01	(.46) −0.06	(.51) −3.06	(.11)
Gondar 27 70 0.02	(.13) 0.01	(.50) 0.10	(.58) −6.39	(.02)
Keffa 24 62 0.01	(.40) 0.01	(.63) 1.574	(.03) −5.55	(.02)
Woyto-	Guji 18 63 0.02	(.37) 0.01	(.89) −0.22	(.47) −6.8	(.01)
Haplogroup	A 258 164 0.001	(.23) 0.01	(.31) −1.50	(.02) −24.99	(.00)
Haplogroup	G 49 89 0.0002	(.97) 0.03	(.79) −1.86	(.01) −26.31	(.00)
All 309 174 0.02	(.20) 0.02	(.55) −1.53	(.05) −25.63	(.00)
N,	sample	sizes;	S,	segregating	sites;	SSD,	sum	of	squared	deviations.





















most	 diverse	 and	 geographically	 widespread.	 Human-	mediated	
translocations	through	commercial	trading,	socio-	cultural	exchanges,	
and	 seasonal	 migrations	 in	 search	 of	 forage	 and	 water	 resources	
could	 explain	 the	 lack	of	 phylogeographic	 structure.	 The	 initial	 in-
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